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Morphology and Adhesion Strength in 
Electroless Cu Metallized A N  Substrate 
J. H. Chang, J. G. Duh, and B. S. Chiou 
Abstract- The metallization of aluminum nitride substrates 
by electroless copper plating is investigated. The AIN substrate 
is etched by 4% NaOH to study the correlation between the 
adhesion strength and the surface roughness of etched AIN 
substrate. Both the as-received nonpolished and then polished 
AIN are employed herein. For the nonpolished substrate, the 
adhesion strength increases from 130 kg/cm2 for the sample 
with an average surface roughness of 0.2 pm to 230 kgf/cm2 
for the one with an average surface roughness of 0.82 pm. For 
the polished substrate, the adhesion strength reaches 271 kg/cm2 
with a surface roughness of 0.19 pm. Mechanical interlocking is 
the major cause for the adhesion strength between the Cu and 
AIN substrates. The polished substrate followed by etching could 
form fine cavities on the AIN surface, and the microetching effect 
results in a stronger mechanical interlocking, which increase the 
adhesion strength. 
I. INTRODUCTION 
HE need for smaller and more reliable integrated circuits T and the need for higher voltage device for power appli- 
cation are the trends of the electronics industry in recent years 
[l]. Alumina ( 4 2 0 3 )  ceramics have been widely used as sub- 
strate materials for high-speed, high-density circuits because of 
their high thermal conductivity [2]. Recently, aluminum nitride 
(AIN) ceramics have attracted much attention because of their 
higher thermal conductivity. The thermal conductivity of AIN 
is estimated to be 320 W/(m.k) for single crystals and 230 
W/(m.k) for polycrystals. The thermal expansion coefficient 
is 4.3 - 4.6, which is close to that of silicon [l], [3]. Since 
aluminum nitride exhibits excellent properties, it has become 
a potential material for improved performance in recent years 
Surface metallization is necessary for the application of 
electronic circuitry to ceramic substrates. Thin-film metalliza- 
tion with multiple metal layers, such as Ti-Pd-Au, Cr-Au, 
Cr-Cu, and TaN-Cr-Au [5], as well as printed thick-film, 
refractory-metal molybdenum (MO-Mn) or tungsten (W), are 
conventional methods for metallizing ceramics [6]. Direct 
bond copper substrates are used mainly for high-power ap- 
plication because of the extremely low electrical resistance 
of the copper material, which allows extra large current in 
the conductors [7]. The electroless plating has many attractive 
features, such as excellent uniformity [8], precise control of 
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thickness, process economy, the ability to plate on irregular or 
complex shapes, and selective plating to the discrete geometry 
of the substrate surface [9]-[ll]. Electroless Cu plai ing renders 
an excellent approach to metallize the cerami L. substrate, 
because of its low operational temperature, no rey uirement of 
applied circuit, and low cost [8], [9], [12]-[20]. Electroless 
plating to metallize insulating substrates generally requires 
a treatment of the surface to make it catalytic to initiate 
the deposition of metal from the electroless bath [20]-[26]. 
The most common preparation process is a two stage treat- 
ment, in which the specimen is immersed first in a dilute 
stannous chloride solution, and then in a dilutt. palladium 
chloride solution [20]-[23]. Another commonly LY sed catalyst 
is the one-component tin-palladium colloid. The colloidal 
solution is usually prepared by adding palladium chloride 
ions [24]-[26]. The reduction of Pd" by Sn+' produces the 
colloidal particles that are adsorbed into the board surface by 
electrostatic force. The etched holes on the substr.ite render a 
mechanical interlocking between electroless Cu arid substrate, 
which would increase the adhesion strength of electroless Cu 
[27]. Electroless plating on AI203 has been studieJ by several 
investigators [28]-[31]. The adhesion of electrol :ss copper- 
plated A I 2 0 3  demonstrated no loss of adhesion wi Len exposed 
to high-temperature storage or cycling [32]. €or soldered 
electroless copper-plated A l 2 0 3 ,  the copper-tin itermetallic 
dominated the mechanical performance due to crack initiation 
in the intermetallic region formed during high- emperature 
exposure [32], [33]. Although A I 2 0 3  ceramic wrfaces are 
usually very difficult to etch, the new AlN ceramic is etched 
easily by NaOH solution. The AIN surface caii be etched 
to produce anchoring holes effectively, which give a higher 
adhesion strength. The adhesion of electroless 'Vi-P-plated 
AIN is a function of surface roughness ( R a )  with NaOH 
etching solution 1341. Osaka et al. investigated the adhesion 
strength between AI ceramics and electroless platt 3 Ni-P film 
from the viewpoint of the chemical etching behavior [35]. The 
first etching stage was due to the selective dissolution of the 
sintering-added Ca atoms, which was preferabl! proceeded 
along the triple points of the AIN grains. At the second etching 
stage, the AlN grains began to be etched and the adhesion 
strength gradually decreased with an increase in ti le dissolved 
amount of the AlN substrate. 
A previous study by Chiou et al. reported tlie variation 
of adhesion between electroless Cu and A N  subhdrates [36]. 
In this study, the A N  substrate is etched by 4' 6 NaOH to 
investigate the correlation between the adhesion L,trength and 
surface roughness of etched AIN substrates. The m orphologies 
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TABLE I 
COMPOSITION F ELECTROLESS Cu PLATING 
Chemical Concentration 




Electroless Cu cUso4 . 5H20 
KNaC4H406 ' 4 H 2 0  
EDTA 
HCHO (37%) 
pH = 12.5 (adjusted by 
NaOH) 







(a) 30 ml/l 
(b) 166 ml/l 
10 g/l 
' - 1  
Deposition Time (min) 
Fig. 1. Thickness of electroless Cu after different deposition times for 
pH = 12.5: (a) low HCHO concentration (30 mlil) bath; (b) high HCHO 
concentration (166 ml/l) bath. 
of the as-deposited and fracture surface of the electroless 
Cu metallized AlN substrate are illustrated with the aid of 
electron microscopy. The relationship between microstructure 
and adhesion strength is discussed. 
11. EXPERIMENTAL PROCEDURE 
Aluminum nitride substrates 25.4 x 25.4 x 0.635 mm in 
size was abraded sequentially with 120, 400, 600, 1000, and 
1200 grit S i c  papers. After abrading, the substrate was pol- 
ished through 6-, 3-, and l-pm diamond pastes. The polished 
aluminum nitride substrate first was cleaned with ultrasonic 
rinsing in water for 5 min at room temperature, followed 
by ultrasonic cleaning in ethyl alcohol. The sample was then 
cleaned ultrasonically in water. After cleaning, the substrates 
were etched in 4% NaOH solution at room temperature for var- 
ious times. The etched sample was then cleaned ultrasonically 
in water. The surface roughness of the etched substrates was 
measured with an a-step (ALPHA-STEP 250, Tencor, USA.) .  
The etched substrate was immersed in sensitization solution for 
10 min. The compositions of sensitization solution are listed 
in Table I. After sensitization, the sample was appropriately 
rinsed with D.I. water. The sample was then immersed in the 
activation solution for 5 min. The composition of activation 
solution is also listed in Table I. The substrate should be rinsed 
appropriately with D.I. water before electroless copper plating. 
pH value 
Fig. 2. Deposition rate of electroless Cu at various pH values: (a )  low HCHO 
concentration (30 mlil) bath; (b) high HCHO concentration (161: ml/l) bath. 
(b) 
Fig. 3 .  Surface morphology of electroless Cu on AIN substrde: (a) non- 
polished substrate; (b) polished substrate. 
Fig. 4. Cross-sectional view of electroless Cu on AIN sribstrate. 
The composition of the electroless copper bath is also 
represented in Table I. Among the chemicals employed for 
electroless copper plating. HCHO acts as the reducing agent 
to convert CU", which is derived from CuS04-5I-I20, back 
to the metal state Cu. NaK tartrate and EDTA, used as 
complexing agent, render part of Cu2+ to form complexants. 
The control of pH value is through the application of NaOH. 
The nitrogen gas that was introduced through ii dispersed 
~ 
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Fig. 5. X-ray diffraction pattern for electroless Cu deposition on AIN 
substrate. 
Time (min.) 
Fig. 6. Average surface roughness at various etching times for nonpolished 
AIN substrate. 
pipe could eliminate the hydrogen gas, produced from the 
reaction of electroless copper plating, on the deposit surface. 
Another function of nitrogen is stirring the solution, which 
could regulate the decreased concentration of reactants on 
the deposit. The magnetic stirrer was also applied to the 
solution. The as-prepared sample was held with two pieces 
of glass plates. The pretreated aluminum nitride substrate was 
immersed in an electroless Cu bath at room temperature. The 
work load was 0.32 dm2/l. Deposition with small work load 
should not affect the deposition rate. The deposit thickness was 
controlled by the deposition time. The electroless Cu deposited 
substrate was rinsed with D.I. water, followed by drying. The 
thickness of the electroless Cu deposit was measured with 
an cr step (ALPHA-STEP 250, Tencor, U.S.A.). The probe 
scanned through the step, then the difference in height between 
deposit and substrate was derived. The difference in height 
was the thickness of the deposit. The probe scanned through 
the step in ten different scanning lines. The thickness value 
of the deposit in each scanning line was averaged, and the 
thickness of the deposit was determined. The average surface 
roughness can also be measured with an a step. The arithmetic 
average roughness is determined using the graphical-centerline 
method. This reading can be used to compute roughness 
according to ANSI Standard B46.1-1978. However, for most 
0 
Fig. 7. Correlation between adhesion strength and surfac I: roughness. 
applications, the value displayed for Ra can be used directly, 
without additional computation. The phase and crystal struc- 
ture were identified with a X-ray diffractometer (D/MAX-B, 
Rigaku, Japan) with a wavelength of Cu Ka! (1.5406 A). 
The surface morphology and cross-sectional view morphology 
were analyzed with a scanning electron microscopy (SEM) 
(250 MK3, Cambridge, England) equipped with I3DX (Excel, 
Link, England). A compositional depth profile \(;as recorded 
by Auger electron spectroscopy (Perkin-Elmer PHI-590AM 
Scanning Auger Microprobe, Massachusetts, 11 .S.A.). The 
adhesion strength of Cu deposited on the A N  substrate is 
evaluated with a direct pull tester (Sebastian Five, Quad 
Group, U.S.A.). A stud was bonded perpendicularly to the 
coating surface with epoxy by holding it in con:act through 
a spring mounting chip designed especially for the stud. The 
assembly was cured at 150" C for 1 h. The stud was inserted 
into the platen and gripped. The tester pulled the stud and 
samples down against the platen support ridge unti I the coating 
or epoxy failed. The force was increased slowly until failure 
occurred at F (kg). For the area A (cm2) of the circular section 
of the stud, the stress of adhesion ga (kg/cm2) 1'5 defined as 
oa = F / A .  
111. RESULTS AND DISCUSSION 
To derive the deposition rate of electroless Cu on AIN 
substrate, the thickness of the deposit is measured with an 
cr step. The measured thickness divided by deposition time 
is the deposition rate. For the low HCHO concentration (30 
ml/l) bath at pH = 12.5, the thickness of electroless Cu after 
different deposition times is shown in Fig. l(a). It is observed 
that Cu fails to adhere to the substrate before 5 4 1  min. After 
about 10 min, the copper covered the full subcdrate. Thus, 
there exists a retardation time to catalyze the elcctroless Cu 
reaction the substrate. After a thin layer of copper IS deposited, 
the electroless Cu reaction can be catalyzed by the deposited 
copper itself. The deposit rate, 4.7 pm/h, could bc determined 
from the slope of the fitting curve in Fig. l(a). 
For the high HCHO concentration (166 ml/l) b'ith at pH = 
12.5, the Cu adhered to the substrate after only a few seconds. 
The thickness of the electroless Cu after differen] deposition 
times is shown in Fig. l(b). Since the time to catalyze the 
electroless Cu reaction is very short, these data points could 
be extrapolated as a straight line through the original point. 




Fig. 8. Surface morphology of AIN substrate etched by 4% NaOH at various 
times: (a) 0 min; (b) 30 min; (c) 50 min; (d) 80 min. 
The deposition rate, 5 pm/h, is derived from the slope of the 
fitted straight line in Fig. l(b). 
It should be pointed out that since the HCHO is used as 
a reducer, higher concentration of HCHO would have more 
driving force to initiate the electroless Cu reaction. This is 
why there exists a retardation time to initiate the electroless 
Cu reaction for the low HCHO concentration bath. 
The deposition rate of electroless Cu on the HCHO substrate 
at various pH values is also investigated. Fig. 2(a) repre- 
sents the dependence for low HCHO concentration (30 ml/l), 
whereas Fig. 2(b) is for high HCHO concentration (166 ml/l). 
The deposition rate reaches a maximum value at pH = 12.5 
in the low HCHO concentration bath. However, f o r  a high 
HCHO concentration bath, a maximum deposition late of 28 
pm/h occurs at pH = 13.5, above which the bath becomes 
unstable. The optimal pH values with respect to film integrity 
is 12.5, although the deposition rate is only 5 pm/h. It is argued 
that the gas formed on the deposit surface would be [rapped in 
the deposit if the deposition rate is too fast. The przsence of 
gas in the deposit tends to retard the electroless Cu ckposition, 
and the electroless Cu reaction cannot proceed unl11 the gas 
escapes the deposit surface. Higher concentration t,)f HCHO 
results in more hydrogen gas formation, thus the p o s i t y  in 
the electroless deposit is increased. 
A. Surface Morphology 
The surface morphology of electroless Cu is shown in Fig. 
3. Fig. 3(a) represents the surface morphology of 1. lectroless 
Cu on a nonpolished AlN substrate, in which some degree of 
agglomeration is observed. As for polished AlN suhtrate, de- 
posited particles are well separated and uniformly ti istributed, 
as shown in Fig. 3(b). The cross-sectional view of Idectroless 
Cu on the AlN substrate is represented in Fig. 4. It should 
be noted that the deposition of electroless Cu depeiids on the 
chemistry of the substrate. Especially, it is sensitive to the 
active surface associated with the sensitization proc'ess. Thus, 
the electroless Cu tends to linerate the surface moqi hology of 
the substrate. 
B. Microstructure Analysis 
The composition of the electroless Cu deposit wav analyzed 
by EDX. The cross-sectional sample of the electroless Cu 
was prepared. Only Cu is found in the X-ray spec.trum, and 
a nearly pure copper state is assured. The X-ray (diffraction 
pattern for electroless Cu deposition on the AlN siibstrate is 
shown in Fig. 5. The electroless Cu exhibits a primary (111) 
orientation. Peaks (200) and (220) are also found but their 
intensities are rather low as compared with that oi the (111) 
peak. The electroless Cu plating can be catalyzed btr Cu itself, 
and the subsequent Cu is then deposited on the previously 
deposited Cu. As Cu is f.c.c. structure, the closc:d packed 
direction is (111). This explains the existence of (11 1) primary 
orientation in the deposited Cu film, as indicated in Fig. 5. The 
AES surface survey of the electroless Cu is carril.d out and 
elements Cu, 0, C, and C1 are found in the film surface [37]. 
The Auger depth profile indicates a trace amount of oxygen, 
which results from oxidation of the electroless ( 'U surface, 
but the amount of oxygen is negligible. It should be pointed 
out that a detectable amount of chloride is observt d near the 
surface. An appropriate cleaning approach should bc employed 
to decrease the amount of chloride ion in the elec.troless Cu 
deposit. 
C. Adhesion Strength 
1) Surface Roughness Dependence: To rougheii the sub- 
strate, the aluminum nitride substrate was etched with a 4% 
NaOH solution. In general, the average surface roughness 
(Ra) depends on the etching time. The avera:ge surface 
~ 
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Fig. 9. Surface morphology of as-received AIN substrate. 
Energy (KeV) 
(b) 
Fig. 10. EDX analysis of spherical particle: (a) substrate; (b) spherical 
particle. 
roughness ( R a )  at various etching times for the nonpolished 
AlN substrate is shown in Fig. 6. As the etching time is 
increased, the average surface roughness is enhanced. The 
average surface roughness of as-received AlN substrate is 0.2 
pm, and the average roughness reaches 0.8 pm when the 
etching time is 80 min. The correlation between adhesion 
strength and surface roughness is represented in Fig. 7. The 
adhesion strength could reach 230 kgf/cm2 as the surface 
roughness of the substrate is 0.8 pm. The surface morphology 
of etched substrate is shown in Fig. 8. Etching the substrate 
results in cavities that render the structure to form interlocking 
between substrate and electroless copper deposits, as seen in 
Fig. 8. Thus, the adhesion strength is increased. 
In fact, interlocking structures are formed by selective 
etching by NaOH. Utsumi [34] argued that the intergranular 
small particles of the AlN substrate were etched selectively, 
and it was observed that the etching proceeded effectively 
to make the holes for the AlN substrate. In this study, as 
indicated in Fig. 9, small particles on the as-received substrate 
are observed. As the etching time increases, the regions that 
small particles occupy are etched selectively. Thus, holes are 
formed on the surface of the AlN substrate. It is also observed 
that some spherical particles are present in the deposit. EDX 
Fig. 11. SEM morhpology of fracture surface for electroless Cu-plated A1N 
after pull-off test. 
I I I I 
50 100 . 150 200 
Time (min.! 
0 
Fig. 12. Average surface roughness at various etching tim1.s for polished 
AIN substrate. 
analysis indicates that this spherical particle is rich in Y, as 
shown in Fig. 10. It is believed that the enrichmeri t of element 
Y results from the YzO3 dopant in AlN for the t nhancement 
of sintering [6]. Because the spherical particle: are etched 
more slowly than the aluminum nitride matrix, a SI 'ucture with 
spherical particles existing on the top of the specimen is found, 
as seen in Fig. 9. After the pull-off test, spherical particles are 
observed in the top of the fracture surface, as shown in Fig. 
11. The presence of spherical particles on the fracture surface 
implies that the cracks propagate through the intertxe between 
the spherical particle and the underlying granular column when 
the pull-off test is applied. As a consequence, it is believed that 
the Y-rich spherical particle in the substrate plays on important 
role in the adhesion strength. 
To have a smoother substrate surface, the sub: rate should 
be well polished. The average surface roughness of a polished 
substrate is only 0.035 pm. The polished substratl.s were also 
etched with 4% NaOH solution for various times. The average 
surface roughness for various etching times is given in Fig. 
12; the surface morphology of etched substrates s shown in 
Fig. 13. The correlation between the adhesion Fkrength and 
surface roughness for the polished substrate is rerresented in 
Fig. 14. As the substrate that is polished but not et :hed fails to 
provide sufficient interlocking structure on the SII bstrate, the 
adhesion strength is only 49.5 kgf/cm2. If the t tching time 
is raised, some areas are etched selectively to form a small 
columnar structure. As the etching time is increii sed further, 
the amount of columnar structure appears to b. increased. 
However, if the etching time is above 80 min, the amount 
of small columnar structures is decreased and lar ger cavities 
are introduced instead. Fig. 15 represents the moiphology of 
the fracture surface after the pull-off test. It should be pointed 
out that a portion of copper is retained around the region 
etched on the substrate. This renders the copper aiid substrate 
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(9) 
Fig. 13. Surface morphology of polished AIN substrate etched by 4% NaOH for various times: (a) 0 min: (b) 20 min: (c) 40 min: (d) 80 min; 
(e )  120 min; ( f )  160 min; (g) 200 min. 
to form an interlocking structure. The cross-sectional view 
of the electroless Cu-plated AlN substrate after the pull-off 
test is shown in Fig. 16. A portion of copper is retained on 
the substrate, and this copper is elongated. The ductility of 
the electroless copper might provide some degree of stress 
relaxation and results in enhanced adhesion strength. It is also 
argued that the plastic deformation associated with the ductile 
electroless copper tends to blunt crack propagation introduced 
during the pull-off test. Thus, the observed adhesion strength 
is increased. 
In general, as the surface roughness increases, 1 he surface 
area of the substrate in contact with the electroles:, copper is 
increased proportionally. Thus, the apparent adhesion strength 
is enhanced. Mechanical interlocking between the electro- 
less copper and the AIN substrate could render mechanical 
bonding of the deposit on the substrate. Hence, the shape 
of the mechanical interlocking affects the measured adhesion 
strength. Etching the AlN substrate tends to form a hole 
that is broad at the bottom and narrow at the opcning [38]. 
This structure renders a good mechanical bonding between 
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Fig. 14. Correlation between adhesion strength and surface roughness for 
polished AlN substrate. 
the electroless copper film and the AlN substrate. Table I1 
summarizes the measured adhesion strength of electroless 
Cu on the A N  substrate under various pretreatments. The 
substrate (i.e., sample B) etched longer and thus with enhanced 
surface roughness of 0.19 pm exhibits higher adhesion strength 
than the one etched lighter and with a surface roughness 
of 0.13 pm only (i.e., sample D). Although samples A and 
B have identical surface roughness, 0.20 pm and 0.19 pm, 
respectively, the measured adhesion strengths are different 
under different pretratment conditions. The adhesion strength 
of the substrate, polished and etched for 200 min, reaches 
271 kgf/cm2, which is much higher than that for the nonpol- 
ished and nonetched substrate (137 kgf/cm2). Etching AlN 
substrate with 4% NaOH solution not only roughens the 
substrate surface but also forms a mechanical interlocking 
structure. Thus, the adhesion strength for the sample, polished 
followed by etching for 200 min, is much higher than that 
for the nonpolished and nonetched sample. It is believed 
that the polished substrate followed by etching exhibits finer 
holes than the nonpolished substrate followed by etching. 
The microetching structure, as seen in Fig. 13, could form 
a microinterlocking effect between the electroless copper and 
the AlN substrate. This type of microetching structure should 
exhibit better mechanical bonding than the structure with 
bigger holes, as seen in Fig. 8. Thus, the adhesion strength 
for the substrate with the microetching structure is larger than 
that for the substrate with a bigger hole structure. It is observed 
that the surface roughness of polished substrate increases from 
0.035 to 0.13 pm after 80 min of etching, whereas that 
of the nonpolished substrate increases from 0.2 to 0.8 pm. 
The nonpolished substrate is etched more deeply than the 
polished sample, because there exist fewer weak sites for the 
polished substrate than the rougher surface of the nonpolished 
substrate. Thus, the polished substrate followed by etching 
could possess the microetching structure, which renders a 
more effective mechanical interlocking than the nonpolished 
substrate. This explains why the polished substrate D exhibits 
better adhesion strength than the nonpolished substrate C after 
identical etching treatment. 
2) Thickness Dependence: As the deposit is applied on the 
substrate, the stress is introduced to the deposit. The stress on 
the deposit tends to increase if the thickness of the deposit 
TABLE I1 
ADHESION STRENGTH OF ELE~ROLESS Cu 




Ra, fim kgf/cm2 
A Nonpolished, no etching 0.20 1374110 
B Polished, etching 200 min 0.19 2 7 1 f 4 0  
C Nonpolished, etching 80 min 0.8 235f  11  
D Polished etching, 80 min 0.13 259f35 
is increased. The high level of concentrated stress in the 
deposit, which represents a great deal of absorbe ti energy by 
the deposit, would cause the crack to propagatr,. Thus, the 
adhesion strength between deposit and substrate decreases if 
the thickness comes into effect. 
The adhesion strength of electroless copper with various 
thicknesses on the AlN substrate is shown in Fig. 17. It is 
observed that the adhesion strength decreases as tkie thickness 
of the electroless copper increases. The adhesion strength is 
around 800 kg/cm2 at 3-pm thickness and decrc-ises to 250 
kgf/cm2 if the thickness is larger than 10 pm. One was not 
able to measure the adhesion strength as the thickness of the 
electroless copper is as low as 1 pm, since the sample broke 
at substrate after the pull-off test. It is argued thxt the value 
for 1-pm electroless copper could reach 1000 k,gf/cm2, but 
this value does not represent the true value of the adhesion 
strength between the electroless copper and the AI!V substrate. 
It should be pointed out that the electroless copper fails to 
cover the substrate completely if it is too thin. The epoxy used 
to adhere the sample and the stud for the pull-off test might 
adhere the deposit surface and the underlying subGdrate. Thus, 
a portion of the increased strength is attributed to I he strength 
of the substrate itself, and an unusually high adhesion strength 
is recorded for a 1-pm electroless copper deposit These data 
are, however, discarded in Fig. 17. 
( 
Iv .  SUMMARY AND CONCLUSIONS 
The electroless Cu applied on the AlN substrate in the 
metallization process exhibits a (1 11) orientation since the 
(111) is the lowest energy direction for an f.c I:. structure 
and the autocatalytic characteristic of electroless plating. The 
deposition rate of electroless Cu on the AlN wbstrate is 
dependent on the pH value. The deposition rate reaches 
a maximum value and then decreases as the [IH value is 
increased further. There exists a period of retardation time 
to initiate the electroless Cu plating on the AlN surface. After 
a thin layer of Cu is deposited, the electroless Cu 1 eaction can 
be catalyzed by the deposited Cu itself. 
Etching AlN substrate with a 4% NaOH solution creates 
holes that render the electroless Cu and AlN <,ubstrate to 
form mechanical interlocking, The adhesion strength of the 
electroless Cu on the AlN substrate increases if the surface 
roughness of the AlN substrate is enhanced. TI-le polished 
AlN substrate followed by etching could form finer holes on 
the AlN substrate surface; these finer holes form a stronger 
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. Fig. 15. Morphology of fracture surface after pull-off test. The AlN substrate is etched for various times: (a) 0 min; (b) 40 min; (c) 80 min; 
(d) 120 min; (e) 160 min; ( f )  200 min. 
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